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Molluscan hemolymph cells have been implicated in diverse functions, including
an active role in internal defense against invading foreign materials, biotic and

abiotic (see reviews by Feng, 1967; Cheng, 1967; Cheng and Rifkin, 1970). The
immediate fate of soluble and participate materials introduced into molluscs is well

known. Specifically, injected particulate materials are phagocytosed (Stauber,

1950; Tripp, 1958a', 195Sb, 1960, 1961; Feng, 1959, 1965a, 1965b, 1966a, 1966b;

Arcadi, 1968; Cheng, Thakur and Rifkin. 1969; Pauley and Krassner. 1972)
unless they are too large, iu which case they are encapsulated (see reviews by

Cheng, 1967; Cheng and Rifkin, 1
(

'70). It would thus appear imperative that the

mechanisms involved in phagocytosis by molluscan cells be examined in detail if

their role in internal dek-n.se is to be elucidated. Furthermore, it would be of

interest to ascertain the ultimate fate of phagocytosed substances at the chemical

level. However, before any detailed studies relative to these functions of molluscan

leucocytes can be achieved, it is necessary that the numbers and types of hemo-

lymph cells, as well as their normal behavior, be ascertained.

The pur] lose of this paper, therefore, is to describe the morphological and be-

havioral characteristics of the circulating cells of the hemolymph of Mcrccnaria

iiicrccnana. Such descriptions are obviously essential as a preface to studies con-

cerned with their function as related to internal defense. In addition, an attempt
has been made to establish hematological parameters in this mollusc in order to

determine their normal values and to ascertain whether these are interrelated.

Samples of M. incircnaria collected from two different geographic areas were

utilized to provide comparison.

M. \TKRIALS AND METHODS

Fresh specimens of the quahaug clam, M. incrccnarhi, from Buzzard's Bay,

Massachusetts, and Great Bay, Long Island, Xew York, were obtained from a

commercial source and held in the laboratory for 1 week prior to use. They were

maintained at 19-20 C in a recirculating seawater system at a salinity of 20-2.A-.

A 1.5 ml sample of hemolymph was withdrawn with a hypodermic needle and

syringe from the anterior adductor muscle sinus of each clam by the method of

Feng, Feng, Burke, and Khairallah (1971 ). One-half ml of the sample was imme-

diately discharged onto a clean glass slide while the other 1 ml of hemolymph was

emptied into a 10 X 75 mmtest tube containing 0.03 ml of 50% glutaraldehyde.

1 This research was supported by Grant No. FD-00416-03 from the U.S. Public Health

Service.
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TABLE I

Total cell i mint and /jacked cell volume of Mercenaria merrenaria

from two geographic locations (n = 24 from eacli group)

Buzzard's Bay Great Bay

'I'otal cell rount (per mnr)
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TABLE III

Differential counts oj immediately fixed ami stained spread leucocytes of Mercenaria mercenaria from
two geographical areas. The two types of agranular cells are indistinguishable

in immediately fixed preparations.

Buzzard's Bay Great Bay

Immediately fixed leucocytes

Granulocytes
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FIGURE 1. Figures 1-4 are living leucocytes of Mcrcciitiriu iiicrccnaria with scale-h?r units

in Mm; Figure 1, contracted granulocyte ( gr ) and agranular (ag) leucocytes, with filopodia-like

projections (f) ( phase contrast ).

FIGURE 2. Spread granulocyte showing the separation of endoplasm (en) and ectoplasm

(ec), filopodia-like projections (f), and various inclusions including granules (g), vacuuk-s

(v ), and nucleus ( n ) ( phase contrast).

FIGURE 3. Spread granulocyte enclosing both normal (ng) and altered (al) granules

("phase contrast).
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RESULTS

The mean dimensions of the 48 clams from both groups were 8.98 0.55 cm
in length, 7.30 0.40 cm in width, and 4.84 0.29 cm in thickness. Based on
these measurements, the clams from both groups fall into a small size range.

Total cell counts and packed cell volumes of hemolymph from clams from Buz-
zard's Bay and Great Bay are included in Table I.

Living leucocytes in vitro

Living leucocytes of M. nicrccnaria, when first placed on slides are mostly
irregularly oval or spindle-shaped. Two general varieties of leucocytes, granular
and agranular, are easily distinguished by their sizes and appearances in the

living, contracted state (Fig. 1 ). Measurements of contracted leucocytes are given
in Table II. Differential analyses of these cells are presented in Table III.

Structurally, both granular and agranular cells include one or more tufts of

filopodia-like protrusions (Fig. 1). These tufts are approximately one-half the

diameter of the cell in length and move in a three-dimensional sweeping motion.

Nuclei and cytoplasmic inclusions are visible in contracted granular cells but

are difficult to define because of the refractiveness of the many cytoplasmic granules

present (Fig. 1 ).

The cytoplasm of granular cells is hyaline and slightly refractile. Few cyto-

plasmic inclusions are visible except for a few refractile bodies situated near the

large, oval nucleus.

Cell adherence and spread hit/

Upon contacting the slide, both granular and agranular leucocytes adhere and

commence to spread. Contact between an attached and a non-attached cell usually
result^ in adhesion of the two. Such cells may be of the same or different types.

Occasionally, clumps of from two to several hundred adhered leucocytes can be

-ecu immediately subsequent to slide preparation. Within 5-30 minutes at 21

1 C, many of the cells from these clumps migrate outward over the substrate.

It is noted that leucocytes will adhere to and spread on both upper and lower

glass surfaces.

Spreading of individual cells begins with adherence to the slide. Cells that

do not adhere do not spread.

Spreading of specific cell types

The spreading behavior of M. mercenaries leucocytes is of significance in cell

identification. Specifically, three types of cells can be distinguished by this feature

in conjunction with others. The cells referred to earlier as granular cells are being

formally designated as granulocytes while those referred to as agranular cells can

be identified as of two types being designated as fibrocytes and hyalinocytes. This

FIGURE 4. Spread granulocyte. Note vermiform body (vb) in the ectoplasm (ec) ; and

the nucleus (n), refractile bodies (r), and granules (g) in the endoplasm (en) (Nomarski
interference).
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FIGURE 5. Figures 5-<S are living leucocytes of Mcrccimriu incrcciuii in \vi.h scale-bar

units in /mi ; Figure 5, multinucleate, giant granulocyte containing four nuclei (n), granules.

(g), and vacuoles (v) (phase contrast).
FIGURE 6. FilimcM, showing ectoplasm (ec) with filopodia-like projections (f), endoplasm

(en), and acentric nucleus (n) (phase contrast).
FIGURE 7. Fibrocyte containing refractile bodies (r), nucleus (n), and vermiform bodies

(vb) (Nomarski interference).
FIGURE 8. Hyalinocyte showing ectoplasm (ec), endoplasm (en), containing refractile

bodies (r), and vermiform bodies (vb) (Nomarski interference).
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terminology is being adopted after Foley and Cheng (1972), who have identified

morphologically similar cells in the hemolymph of the American oyster, Crassostrea

i'ii'(/iiiica. Descriptions of these three types of cells of J\L mcrccnaria follow.

Granulocytes. Subsequent to adherence, the cytoplasm of each granulocyte
flows out along the substrate in an irregular pattern. At the same time, cytoplasmic

refractility decreases and the cytoplasmic inclusions become more visible (Figs.

2, 3). The endoplasm of the spread cell contains at least four types of identifiable

inclusions other than the nucleus. These are: (1) vermiform bodies (possibly

mitochondria), which are thin and elongate, reaching lengths of about 2 /mi (Fig.

4) ; (2) vacuoles from less than 1 to 4 or 5 /mi in diameter and which may contain

inclusions (Figs. 2, 3, 5) ; (3) small, spherical refractile inclusions each averaging
0.7 /mi in diameter and which are most readily recognizable when observed with

Nomarski interference optics (Fig. 4) ; and (4) granules, which are the most

conspicuous of the inclusions in the granulocytes (Figs. 2-5). Each of these

granules averages 0.8 /mi in greatest diameter. They are alterable in shape and

may vary from being spherical to elongate (Fig. 3).

Surrounding the endoplasm is the hyaline, agranular ectoplasm, the periphery of

which is undulating. Beyond this border extend a variable number of spike-like

projections, each measuring 1-8 /mi in length (Figs. 2, 3).

Spread granulocytes are motile and portray active cyclosis. Occasionally,

granulocytes, which appear to have fused with one another, have been observed

in preparations of living cells (Fig. 5). The resulting giant, multinucleate cells

contain the same cytoplasmic inclusions as those occurring in individual granulocytes.

Cyclosis also occurs in these multinucleate cells.

Fibi'oc\tcs. Cells of this type arc generally spindle-shaped in the contracted

state and subsequent to adherence, -]>rcad slowly across the substrate with the

nucleus usually located along one >ide < Fig. ( i.

These fibrocytes contain motile vermiform bodies (possibly mitochondria),
each measuring up to 2 /mi in length and which are more or less evenly distributed

throughout the cytoplasm ( l-'ig. 7>. Small refractile bodies (< 1 /mi) generally

occur adjacent to the nucleus. In this type of cell the demarcation between the

endoplasm and ectoplasm is not as well defined as in granulocytes.

Ik-yond the periphery of the spread fibrocyte protrude a variable number of

filopodial projections, which also can be traced back into the endoplasm (Fig. 6).

Following spreading, small sections of cytoplasm are occasionally detached from

the substrate and contract or undulate, thus resulting in the slow movement of the

cell across the slide. Cyclosis occurs in spread fibrocytes.

H\alinoc\tcs. The hyalinocyte spreads slowly outward over the substrate.

These cells contain some vermiform bodies (possibly mitochondria), vacuoles,

few refractile bodies situated near the large, compact, eccentrically located nucleus,

and few or no filopodial projections. Slow cyclosis occurs. The hyalinocytes appear
to be the least motile of the three cell types.

Uptake of vital dyes

Granulocytes. The cytoplasmic inclusions designated herein as granules take

up neutral red from a concentration of 0.02% within 15 seconds; however, the

refractile inclusions do not take up the dye. Neutral red in the concentration

employed does not appear to be deleterious to these cells. When exposed to
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Janus Green B at a concentration of 0.002 r
r. nearly all of the cytoplasmic

granules take up the dye rapidly. Furthermore, after 15 minutes, some

granules appear violet or purple, thus indicating possible reduction of this dye
to diethyl safranin. The refractile cytoplasmic inclusions also do not take up this

dye. When exposed to a mixture of neutral red and Janus Green B at a final

concentration of O.OOl'/c for each stain, the cytoplasmic granules appear red. It

is noted that there are only a fe\v cytoplasmic inclusions, which are interpreted to

be mitochondria, that take on the bluish color imparted by Janus Green B.

Fibrocytcs and hyalinocytes. Except in the case of a few isolated cytoplasmic

TABLE IV

Mean dimensions of spread, fixed, and stained leucocytes oj Mercenaria mercenaria (n = 100 for

I'd! tvpe from each group). AH measurements are giren in fj.ni.
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The pale blue ectoplasm is very finely granular and includes a variable number
of spike-like projections, many of which appear to originate in the endoplasm
(Fig. 9). Occasionally, granulocytes with multiple nuclei are observed (Fig. 10).

Fibrocytcs. The cytoplasm of fibrocytes contains an interlacing, loose array
of fibrous material that is most conspicuous in the ectoplasm. Small blue inclu-

sions are situated at the junction of these fibers. The endoplasm is slightly vacuolar

and contains the compact, eccentrically situated nucleus. From the periphery of

the fan-shaped ectoplasm spread a variable number of spike-like projections, which

in some instances originate in the endoplasm (Fig. 11 J.

Hyalinocytes. The vacuolar, pale-blue cytoplasm is spread subcircularly around
the eccentrically located, large oval nucleus. The endoplasm stains more darkly
than the ectoplasm and a diffuse gradient occurs between the two zones. Few
or no projections occur along the periphery ( Fig. 12).

TABLH V

Ratios of mean nuclear area In mean tnlul fell urea a] fixed and stained spread leucocytes from two groups
of Mercenaria mcrcrnaria (;/ == 100 cells of each tvpr I'nnn eneli group) ;

z tests, degrees of freedom

(df)
==

<><>, /' < 0.01; ('.real Hay: A ==
~B, z ==5.94; A = C, z == 12.19; B = C,z = 7.63.

Buzzard's Bay: A = B, z = 3.63; A -= C, z -- = 12.05; B == C, z = 7.86. z test for
stt/ne type of cells from the tii'o groups: df =

<>'>, !' > 0.05. Craniiloeytes, z = 0.60;

fihroi ytes, z = 1.44; hyalinocytes, z = 0.57.

Great Bay Buzzard's Bay
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FIGURE 9. Figures 9-12 are fixed and stained leucocytes of Mercenaria incrccnaria. All

cells were fixed with glutaraldehyde except that shown in Fi.nure 10 which was fixed with

methanol. Scale-har units are in /uni ; Figure 9, granulocyte with filopodia-like projections (f)

showing ectoplasm (ec), endoplasm (en) containing retractile bodies (r), vacuoles (v),

nucleus (n), and granules (g) with blue inclusions (db) between them (Giemsa stain).

FIGURE 10. Multinucleate granulocyte with seven visible nuclei (n), cytoplasmic granules

(g), and vacuoles (v) (Giemsa stain ).
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port this hypothesis. Specifically, Feng ( 1965a) has observed that in another

estuarine pelecypod, Crassostrea virginica, the number of circulating leucocytes
is dependent upon the amount of turbulence produced by cardiac action. In addi-

tion, he has proposed that numbers of leucocytes may also vary with the feeding
and excretion cycles since leucocytes participate in both of these activities. It is

thus of interest to note that Feng (1966b) has determined that there is a diurnal

cycle of feeding activity in M. mercenaria and that while this cycle can be disrupted

by changes in intensity of light, temperature, and salinity, or by the presence of

organic materials, individual clams may remain inactive, i.e., not pumping, for

several days. Thus, variability of circulating leucocytes in the clams may be

tentatively attributed to differences in the physiological state of the individuals.

Coefficients of correlation computed between the dimensions of each individual

clam and the differential counts, total cell counts, and packed cell volumes are all

very small. In addition, coefficients of correlation comparing number of granulo-

cytes with packed cell volumes and total cell counts are also very small. It appears,

therefore, that these hemotologic characteristics of leucocytes are independent of

the size of the individual clam and are also independent of one another.

As noted, the ratios of nuclear to total cell areas (Table V) are approximate
but are included to provide a relative comparison of cell spreading and nuclear size

among the three cell types in both gnmp> of clams. \Yith this consideration in

mind, it is noted that the means of these ratios for the three cell types within

each sample are significantly different using the / test as presented by Tate (1965)

(P<0.01), while the means of ratios for cells of the same type are not sig-

nificantly different using the same test (7'>0.05) (Table V). From these

observations it is possible to draw certain conclusions. First, the same cell types
from clams collected from different areas appear to have the same nuclear size and

spreading characteristics, and therefore, we assume that the same leucocytes occur

in specimens of M. mercenaria from all different geographical populations. In

addition, the extreme separation of the means of the ratios obtained from the

different cell types suggests that these three cell types are distinct (Table V).

However, until further experiments designed to answer questions relative to the

origin and ontogeny of molluscan leucocytes are conducted, no definitive state-

ment caii be made pertaining to the interrelationships between the granulocytes,

hyalinocytes, and fibrocytes of .17. mercenaria.

Regarding the vital staining of inclusions in leucocytes, Zacks and Welsh

( N53') and Zacks (1955) have stated that those inclusions in the granulocytes of

M. mercenaria that Zacks (1955) has designated as "specific granules," are atypical

mitochondria. Zacks ( 1955') based this assumption on three tests: (1) the uptake
of Janus Green B, a traditional mitochondria! vital stain; (2) a positive reaction

for phospholipids : and ( 3 i the presence of dehydrogenase activity as determined by
the Nitro Blue Tetrazolinm test. Zacks also has stated that those vacuoles in

FIGURE 11. Fibrocyte with filopodia-like projections from the ectoplasm (ec), and con-

taining nucleus (n), and vacuoles (v) in the endoplasm (en) (Nomarski interference; Giemsa

stain).

FIGURE 12. Hyalinocyte showing ectoplasm (ec) with no filopodia-like projections; and

endoplasm (en), with nucleus (n), and a few vacuoles (v) (Nomarski interference; Giemsa

stain).
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leucocytes that take up neutral red are not the same as the granules that take u]>

Janus Green B. His opinion was hased on differences in the appearance of these

organelles. Zacks lias also reported that the neutral red vacuoles are not preformed
in the granulocyte, hut form as the dye accumulates in the cells.

To the contrary, on the hasis of our observations on the uptake of these two
vital dyes hy the granulocytes of M. mercenaries, we find that the inclusions

referred to earlier in this paper as granules, which we believe to be identical to

those designated by Zacks (1955) as "specific granules," take up both Janus
Green B and neutral red. We have not observed a separate, large population of

granules selectively stained with Janus Green V) when a mixture of the two stains

was used. Thus, we are presently of the opinion that there is only one type of

cytoplasmic granule in .17. nicrccnuriii and it is stained with both Janus Green 15

and neutral red.

Relative to the selective settling of molluscan leucocytes, Prowse and Tail

(1 ( >6 (

>) have reported that only certain leucocytes of Hc/i.r aspersa adhere to

glass. However, we have found as a result of differential counting of .17. incr-

ccnarla leucocytes in fresh and fixed hemolymph preparations on slides where the

cells had been permitted to adhere prior to fixation and staining, that the results

are approximately the same (Table TTI). It thus must be concluded that cells of

all three types are capable of adhering to glass.

Leucocytes not only adhere to glass but also to one another. Although there

appears to be no true coagulation in the hemolymph of .17. incrcenaria. agglutination

of the leucocytes occurs in vitro and is more pronounced if the leucocytes are mixed

with seawater or with homologous serum. Agglutination observable to the naked

eye commonly occurs in these cases. Microscopical observations have shown that

leucocytes that make contact in vitro will generally adhere to one another.

Also associated with the phenomenon of cell agglutination is the occasional

fusion of granulocytes to form multinucleate cells. That true fusion does occur

is supported by the observation that during cyclosis the granules and nuclei from all

of the participating cells move in the large cytoplasmic mass. The occurrence of

multinucleate cells has been reported in Crassustrca gigas by Sparks and Pauley

(1964) and in Hclisonia duryi nornwlc by Cheng and Galloway ( 1
( '7Q). Tn both of

these instances however, the molluscs had been subjected to injury.

Relative to the adherence and spreading of leucocytes, it is possible that the

spike-like processes formed with fans of ectoplasm stretched between them may
serve a protective function. These processes generally occur on granulocytes and

only rarely on hyalinocytes. Earlier, Bang (1961) had reported that the filopodial

processes of leuocytes of oysters are responsible for the capture of microorganisms.

Such microorganisms, according to Bang, also appear to be trapped by sticking in

the nets of ectoplasm. A similar function may occur in the case of clam leuco-

cytes.

With the establishment of three distinct types of cells in the hemolymph of

.17. incrccnuria and having quantified some of the hematologic parameters, it is

now possible to attempt to answer some important basic questions relative to the

role of these cells in internal defense against foreign materials.
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SUMMARY

The hematological parameters of Mcrcoiaria incrccnaria of similar size from
two geographical areas as well as the morphology and behavior of their leucocytes
were studied. On the basis of qualitative and quantitative characteristics, three

types of leucocytes, designated as granulocytes, fibrocytes, and hyalinocytes, can be

distinguished in both living and stained preparations.

A correlation matrix computed between all parameters considered has revealed

an insignificant correlation between the dimensions of whole animal and the dif-

ferential count, packed cell volume, and total cell count as well as an insignificant

correlation between the hematological parameters themselves. The only exception
is that there is a positive correlation between the packed cell volume and the total

cell count.
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